Mechanistic studies on the base-catalyzed transformation of neocarzinostatin chromophore: roles of bulged DNA.
Nucleic acid bulges have been implicated in a number of biological processes and are specific cleavage targets for the enediyne antitumor antibiotic neocarzinostatin chromophore (NCS-chrom) in a base-catalyzed, radical-mediated reaction. Studies designed to elucidate the detailed mechanism of the base-catalyzed activation of NCS-chrom and to evaluate the roles of bulged DNA in its activation are described. They show that nucleobases in the DNA bulge are not required to form an effective bulge pocket but enhance the binding of the wedge-shaped activated drug molecule. Analysis of solvent deuterium isotope effects on NCS-chrom degradation and DNA cleavage efficiency experiments suggests that the spirolactone biradical 6 is a relatively stable species and that intramolecular quenching of the C2 radical of 6 to form the biologically active cyclospirolactone radical 7a occurs first (pathway a in Scheme 2), leaving the C6 radical to abstract the hydrogen atom from the DNA deoxyribose and to form the cyclospirolactone 8. Binding of the activated drug at the bulge site is required, but not sufficient, for efficient 8 formation, whereas cleavage of bulged DNA is not essential. Efficient generation of 8, but inefficient DNA damage generation, comes mainly from the likely high off-rate of 7a binding. The finding that thymidine 5'-carboxylic acid-ended oligonucleotide fragment can be formed in the reaction suggests that the process of DNA cleavage is rather slow and that sequential oxidations of the target 5'-carbon are possible. Study of the effect of solvent (methanol) concentration on NCS-chrom degradation indicates that bulged DNA acts to assist the intramolecular quenching of the radical at C2 by C8' ' of the naphthoate moiety by excluding solvent from the binding pocket, thus preventing the formation of spirolactones 9, and by blocking radical polymerization. Because in the absence or near absence of solvent methanol 8 formation does not reach even 10% that formed in the presence of bulged DNA, it is possible that the DNA bulge also induces a conformational change in the drug to promote the intramolecular reaction.